Sonar echoes from unresolved features of rough objects tend to interfere with each other. Because of these interferences, properties of the echoes, such as its envelope level, will vary from realization to realization of stochastically rough objects. In this article, the nature of the fluctuations of the backscattered echo envelope of rough solid elastic elongated objects is investigated. A general formulation is initially presented after which specific formulas are derived and numerically evaluated for straight finite-length cylinders. The study uses both the approximate modal-series-and Sommerfeld 
INTRODUCTION
Echoes from randomly rough objects will fluctuate from realization to realization. The fluctuations are due to the fact that there are interferences from the unresolved portions of the scatterer and the pattern of interferences is different in each realization, hence producing a different echo. The fluctuations depend upon the size, shape, orientation, and material properties of the object as well as the wavelength of the incident sound field. By understanding the physical basis of the fluctuations, one can make better predictions of the range of echoes in the "forward" sonar problem as well as make better estimates of the characteristics of the scatterer in the remote sensing, or "inverse" sonar problem.
In this second part of the series, the realization-to-realization fluctuations of the scattered field due to randomly rough straight finite elastic cylinders at normal incidence are investigated. Such variations are quite complex, especially when dealing with volumetric objects. What adds to the complexity of this problem over the subject of rough planar interface scattering is the fact that ( 1 ) circumnavigating surface elastic waves are present in the ka >• 1 region and (2) in the ka,• 1 (Rayleigh scattering) region, the fluctuations become functionally different than those in the ka • 1 region (where k is the wave number of the incident acoustic field and a is the radius of the cylinder). Neither of these two phenomena has a rough planar interface analog.
• The initial statistical formulas derived herein are general enough so that fluctuations due to other elongated bodies could also be predicted. The fluctuations of the level of the echo envelope are related to the Rice probability density function (PDF) 2 and the dependence of the PDF shape parameter y upon the roughness properties of the cylinder is derived. Numerical examples involving Monte Carlo simulations of the approximate modal series solution are compared with the analytical results that were based on the modal series solution in the ka< 1 region and a simplified ray solution (an approximate form of the Sommerfeld-Watson transformed solution) in the ka •, 1 region. Finally, applications of the analysis of the backscattered echoes from live marine shrimp-like organisms are discussed.
Finally, it is important to note that the fluctuations due to the stochastic nature of the rough boundary described in this article represent only one facet of a larger problem. Since the fluctuations also depend on other properties such as shape and orientation, which may be random, the fluctuations from all sources ultimately need to be taken into account to describe the echo statistics.
I. THEORY
In order to investigate the statistical nature of the echoes from randomly rough objects, we divide the analysis into two major parts: ( 1 ) In the first part, the problem is purely statistical where the analogy between the stochastic acoustic scattering and the sum of an electrical sine wave and noise is made. The mean field of the acoustic echo is related to the constant amplitude sinusoidal (electrical) signal and the fluctuation component of the field is related to the noise component of the electrical signal. The Ricean probability density function (PDF), 2'• which was originally derived in electrical signal theory, is then used to describe statistics of the echo envelope of the resultant sum of the acoustic "sine wave" and "noise". (2) In order to relate the statistical nature of the acoustic echo to the properties of the rough objects, the physics of the interaction of the sound waves and the objects must be understood. Here, we use the results of the previous article • where the scattering properties of the straight finite-length rough cylinder were derived. The acoustic "sine wave" and "noise" are derived from the mean and mean-square scattered field as was done in Stanton where the statistics of the scattering by rough planar interfaces were derived. 4 As it will be shown, there are additional degrees of complexity when dealing with volumetric objects because of the circumnavigating surface elastic waves in the ka>> 1 region as well as Rayleigh scattering effects in the ka,• 1 region.
A. Echo statistics (general)
The scattered pressure P•at, due to one realization of a randomly rough object can be expressed in terms of the sum of the mean scattered pressure (P•t) and the fluctuation Finally, in a manner similar to the above discussion, subsection B 2 illustrates the same types of differences between the fluctuations due to a rough cylinder at ka• 1 and ka>> l.
ka>• I
The backscattering amplitude as derived with a simplified ray solution [an approximate form of the SommerfeldWatson-transformed (SWT) solution ] for rough solid elastic finite cylinders was given in Reft I as Table I for summary). In both cases, Yi, varies inversely as the fourth power of roughness. Note also that, as shown in Reft 4, for kc• 1 the echoes from a rough planar interface vary with both k and a as do the echoes for the ka,• 1, ka>> 1 case with the rough cylinders. These above differences and similarities are due to the differences in the scattering processes arising between volumetric and planar interfaces. For ka,• 1 in the cylinder case, the object is monopole-and dipolelike and exhibits scattering properties for which there are no counterparts in the scattering by continuously rough planar interfaces. In the ka >• 1 region, the scattered field due to the cylinder can be reasonably described by rays and there are strong similarities between the scattering by the cylinders and planar interfaces. In order to simulate the scattering by randomly rough cylinders, the radius of the cylinder in the deformed cylinder formulation was randomized with respect to position along the axis (i.e., the radius function was, in the analogy to electrical signal theory, a "time series" of "bandlimited noise" along the axis). Each surface was constructed so that its radius was Gaussian distributed about its mean value. The surfaces and the use of them in the deformed cylinder formulation are discussed in detail in the previous article.
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II. NUMERICAL EXAMPLES
• Figure 4 illustrates variations in the magnitude of the scattering amplitude (echo envelope) of randomly rough tungsten carbide cylinders. Plotted in Fig. 4(a) and (b) are the value of the magnitude of the scattering amplitude (normalized by L) for each realization at each value of ka as calculated by the approximate modal-series based solution. For every value of ka, there were 300 realizations of If l/L calculated, although due to memory limitations of our printer only 150 of those points were shown in Fig. 4(a) and (b). The calculations were performed with two roughnesses--a/a = 0.01 in Fig. 4(a) and •r/a---0.05 in Fig.  4 (b) . Echo envelope histograms (now involving all 300 realizations per value ofka) and associated Rice PDF curves for several sets of realizations are given in Fig. 4(e For this entire analysis presented in this seetion, the observed or true Rice PDF parameter, y, was determined by computer algorithm: for y) 10, since the Rice PDF rapidly approaches the characteristics of the Gaussian PDF, we used the simple formula y= ( (e2) We summarize the fluctuations in Fig. 4 by plotting the Rice PDF shape parameter y versus ka on a log-log scale in have without the presence of the null. The variability of y due to this effect is more pronounced in the lower roughness case because the distribution of values of local radii will be narrower, hence there will be a larger percentage of sections of the cylinder that will be experiencing the null effect. For larger roughness, the radii will have a wider distribution and at any given null point, a substantial fraction of radii will be outside the range of values that would cause a null thus reducing its effect on the fluctuations.
In order to separate effects between fluctuations due to scattering of the specular wave off the front interface and the fluctuations discussed above due to the presence of nulls, we continue the analysis by now holding ka fixed while varying the rms roughness. The simulations in the high ka region will show the degree of fluctuations to vary much more smoothly in this case as the analysis is performed in a "flat" region, away from any region of strong destructive interference between the specular and Rayleigh surface wave. In this analysis, we explore the problem even deeper by examining the behavior of both the amplitude and phase of the fluctuation component of the scattered signal which will illustrate the behavior of the fluctuations of the echo amplitude.
We In conclusion, in order to avoid errors in describing the echo fluctuations in the very low roughness region, it is important to adjust the simulated rough surfaces for these finite-length objects so that the average value of the roughness across the length of the surface is zero. Since the surfaces cannot be adjusted so that {• ) = 0 for all z simultaneously, caution should be taken when performing simulations.
